Noninvasive genetic approaches enable biomonitoring without the need to directly observe or 16 disturb target organisms. Environmental DNA (eDNA) methods have recently extended this 17 approach by assaying genetic material within bulk environmental samples without a priori 18 knowledge about the presence of target biological material. This paper describes a novel and 19 promising source of noninvasive spider DNA and insect eDNA from spider webs. Using black 20 widow spiders (Latrodectus spp.) fed with house crickets (Acheta domesticus), we successfully 21 extracted and amplified mitochondrial DNA sequences of both spider and prey from spider web.
Introduction 28
As dominant predators of arthropod communities in natural and agricultural ecosystems, spiders 29 are important ecological indicators that reflect habitat quality and change across trophic levels 30 (Churchill 1997; Clausen 1986) . Monitoring the species diversity and abundance of spider 31 assemblages facilitates natural resource management (Pearce and Venier 2006) . Spiders are 32 enormously diverse (~ 44,000 described species; Platnick 2013) and difficult to identify. 33 Morphological identification of spiders relies primarily on differences in copulatory organs 34 (Huber 2004) and many complications can prevent identification such as the inability to identify 35 juveniles, extreme sexual dimorphism, size differences between life stages, and genital 36 polymorphisms (Barrett and Hebert 2005; Brennan et al. 2004; Huber and Gonzalez 2001) . Other 37 major issues include the ever decreasing availability of expertise necessary for traditional 38 taxonomy as well as the significant training required to learn taxonomic skills (Hopkins and 39 Freckleton 2002). In the face of such challenges to morphological taxonomy, genetic 40 identification methods are growing in popularity because of decreasing costs and ease of use. 41 DNA barcoding, the use of a short and standardized fragment of DNA to identify organisms, has 42 gained significant traction within the last decade (Jinbo et al. 2011) . In particular, the use of DNA 43 barcodes for species identity and systematics of spiders has proven successful in multiple studies 44 (Astrin et al. 2006; Barrett and Hebert 2005; Robinson et al. 2009 ). The most commonly used 45 genetic marker is the cytochrome oxidase subunit I (COI) mitochondrial gene because of its 46 3 designation as the standard DNA barcode (Hebert et al. 2003 between methods as well as inconsistency across spatial and temporal scales (Churchill and 56 Arthur 1999; Green 1999; Merrett and Snazell 1983) . Sampling duration is also an important 57 factor as short-term sampling has been found to reduce the number of recorded species by up to 58 50% (Riecken 1999). In this paper, we propose a new biomonitoring tool that would complement 59 existing methods: DNA from spider web. While spider web has been found to effectively collect 60 pollen, fungal spores and agrochemical sprays (Eggs and Sanders 2013; Samu et al. 1992) , no 61 study, to our knowledge, has assessed spider web as a potential source of genetic material. We Although noninvasive genetic sampling is most common for vertebrates, it has been successfully 70 applied to arthropod exuviae and frass (Feinstein 2004; Petersen et al. 2006) . Webs are an 71 abundant and easily collected spider secretion that may provide spider DNA. Spider webs may 72 also contain eDNA from captured prey and other local organisms, functioning as natural 73 biodiversity samplers. This idea parallels recent molecular studies using mosquitos, ticks, leeches, Here, we tested the feasibility of extracting, amplifying and sequencing DNA of black widow 83 spiders, Latrodectus spp. (Araneae: Theridiidae), and their prey, the house cricket Acheta 84 domesticus (Orthoptera: Gryllidae), from black widow spider webs. Because extraorganismal 85 DNA in spider webs is exposed to environmental degradation and may exist in short fragments, 86 we used nested primer sets to test the effect of amplicon size on detection probability. DNA extractions from web samples were conducted using a modified extraction protocol for shed 116 reptile skins (Fetzner 1999). One negative control containing no web was also extracted. 800 μL 117 of cell lysis buffer (10 mM Tris, 10 mM EDTA, 2% sodium dodecyl sulfate [SDS], pH 8.0) and 118 8μL of proteinase K (20 mg/L) were added to 1.5 mL microcentrifuge tubes containing web 119 samples followed by 10-20 inversions and incubation at 55°C for 4 hours. Upon reaching room 120 temperature, 4 μL of RNase A (10 mg/mL) were added to each sample followed by 20 inversions.
121
Samples were incubated at 37°C for 15 min and then brought back to room temperature. 300 μL 122 of protein precipitation solution (7.5 M ammonium acetate) were added to each sample and 123 vortexed for 20 seconds followed by incubation on ice for 15 min. Samples were then centrifuged 124 at 16,873 rcf for 3 min. Supernatants were transferred to new 2 mL microcentrifuge tubes 125 containing 750 μL of ice cold isopropanol and inverted 50 times before centrifugation at 14,000 126 rpm for 2 min. All supernatants were drained and 750 μL of 70% ethanol was added to each 127 sample followed by centrifugation at 14,000 rpm for 3 min. All liquids were removed and 128 samples were air dried. DNA pellets were rehydrated using 100 μL of low TE buffer (10 mM Tris,
Results

161
All extraction and PCR negative controls produced no amplification. Using the nested primer sets, The present study represents, to our knowledge, the first demonstration of spider web as a source 178 of noninvasive genetic material. Spider web is an ideal source of noninvasive genetic material for 179 spiders because web can be found and collected without direct observation of target organisms.
180
Unlike most spiders, which are small, mobile, and elusive, webs are relatively large, stationary, 181 and usually clearly visible, making sample collection more efficient. Spider webs may also 182 remain after the inhabitant moves or dies, which increases detection probability, especially for the 183 9 more elusive spider species. Webs can also exist in great abundance. For example, web coverage 184 may reach up to more than 50% of land area in agricultural fields (Sunderland et al. 1986 ). Spider 185 webs have already been utilized by citizen scientists to assess spider biodiversity through visual 186 analysis of web structure (Gollan et al. 2010) . It could be possible to implement similar citizen 187 science initiatives to collect web samples for DNA analysis.
189
We hypothesize that spider web DNA originates either from microscopic pieces of fecal matter, impact assessments (Kremen et al. 1993 , Rosenberg et al. 1986 . In conclusion, we provide the first demonstration that noninvasive DNA of spider and its prey 230 can be extracted from spider web and be used to identify organisms to species. This method is replicates. Samples "Lmac_1", "Lmac_2", and "Lmac_3" were tested for Latrodectus mactans 393 while "Lhes_zoo" was tested for Latrodectus hesperus using the same nested "Lat_COI" primer 394 sets. Lmac_2 Lmac_3 Lhes_zoo
